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PART A, USER'S GUIDE

ABOUT LENA WIN

Lena Win is a program for dispersion and dose calculations, mainly connected to accidents in
nuclear facilities. Besides that, it may, however, also be used for other kinds of releases. It is
designed to be used both for training purposes, and in real situations. Great care has therefor
been taken to ensure a simple and quick handling of the program, also in difficult situations.

The program is a true Windows application, and works with version 3.0 and higher of
Microsoft Windows. It was developed at the Swedish Radiation Protection Institute (SSI)
during 1991-1992, and is used by the institute in its regular work.
Lena_Win is part in a larger system to handle accidental situations. An important part of this
system is a database and a database handler to manage all kinds of measured data after a
release. LenaWin has functions to display data taken from this database on maps.

TECHNICAL INFORMATION

Installing the program, files

LenaWin is delivered on one 1.44 M disc containing ?? different files. To install the program,
first create a directory named LENA on any of your drives, and then create a subdirectory to
that directory which you give the name MAPS. Copy all files from the directory EXPORT on
the disc to the LENA directory, and copy all files from directory EXPORT/LENA to your
directory /LENA/MAPS.

The program can then be executed from within Windows. To place the Lena_Win icon on the
Windows desktop, proceed as specified in the Windows manual.

The directory EXPORT on the disc contains the following files:

Lena_Win.exe This is the executable file for main program

DF_lib.exe A stand alone executable file for dose factor library

*.BLK Files containing map coordinates and thermal effects of reactors. A number of

files containing these data for Swedish powerplants are supported. The different blocks are
defined in separate files, so are for example data for block 3 at Forsmark found in file
FORSMARK3 BLK. The user can write his own SCT files using any text editor ord word
processor.

*.MAP Map library files These files define the content of the different maps that can be
drawn on the screen. This is done by including what is requested of the different map objects
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(boundaries, cities, roads etc) that are found in directory \MAP. Maps covering the four
Swedish power plant districts and all of Sweden are provided for Sedish users New map can
be created using a text editor or a word processor (see below).

* MET User defined files containing predefined weather situations. One file
METDEF MET is delivered with the program as an example Files with new data can be made
using Lena Win

* SCT User defined files containing source term data (amounts released, thermal effect,
plume heat, release height, release time and delay before release). One file, SCTDEF.SCT is
delivered with the program as an example. Files with new data can be made using LenaWin.

PARAMX.DAT saves the meteorological and release data used last time the program
was closed. These data are read the next time the program is started.

INVINDEX DAT This file contains the nuclide library containing data (abundance, halflife,
mean gamma energy, gamma dosfactors) for approximately 100 nuclides.

EGET INV.DAT This file should be used when an inventory, different from the default
one, is needed. The file contains a list of the nuclides that can be handled by LenaWin, and the
total activity in Bq of these. If you want to use an inventory of your own, change the amount
in this file, using a text editor or a word processor. Do not erase this file, since you need its
numbering of the different nuclides. (Should you anyway take away the file, you can find the
nuclide numbering in appendix B)

LENA DEF Contains the default values for deposition parameters and cloud dose
iteration These values are always loaded at program startup. Later they can be overwritten by
temporary values from within the program. This file can be changed by the user.

LENAHELP.HLP The help file for LenaWin which gives you help and information on a
number of questions in the program.
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Programming information

LenaWin is written in Turbo Pascal for Windows (Borland) It makes extensive use of the
Objects Window Library The routines used to handle the pnnter are from "Turbo Pascal for
Windows 3 0 Programming" by Tom Swan (Bantam 1991)

The program contains approximately 4000 lines code, found in about 100 different procedures.

WHAT CAN BE DONE? AN OVERVIEW

LenaWin can be used for simple and quick calculations of dispersion and doses; for map
displays of the dilution af a released cloud, for displaying data, measuring points and measuring
stations on maps, and for information on nuclide data. However, LenaWin is based on a
simple model. Used for proper purposes it gives useful results. One must, however, always
bear the limitations of the model in mind. Read more about this in the paragraphs "Model
structure" and "Applicability of the model" below.

Lena Win 1.0
Place Weather Release Map Doses Parameters Quit Help

A typical session with the program contains the following steps:

1 Start the program. You will find an empty window, with a menu at the top (see the figure
above).

2. Chose first the release point. You make this by selecting a predefined powerplant file
(*.BLK). This contains information about release point coordinates and the normal effect of
the power plant. You can also chose to give only the coordinates of the release point, thus
placing the release anywhere on the map.

3. Chose your meteorological parameters. This is done either by chosing a predefined
meteorology file (*.MET), by setting the parameters using menu selections, or by simply
accepting the meteorological parameters saved from last time you used Lena_Win.

4. Chose a source term. You can select a predefined source term file (*.SCT), or define a new
file to which you write new data.

5. Chose a map. You select a map among those listed in the map file listing (*.MAP). This step
is not mandatory.

Now all necessary definitions are made, and you can start using the program. You can either
calculate doses at a given distance from the release point, or first draw a map on the screen and
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then find the doses in given points on the map The calculated doses are displayed on the
screen, and can be saved in a tile or directly printed out

You can move the map, and change it's scale, and you v.an draw a simplified picture of the
plume on the map You can also store the map in a file, or print it on paper

If you have measured data in the right format on files you can chose one of these files and plot
its content on the map and, is you so wishes, let the program draw interpolated isolines You
can also ask the program to re-read the chosen data file at intervals and re-draw the data (the
old ones being overwritten)

From the menu you can also change the parameters for wet and dry deposition. The new
values of the deposition parameters will, however, not be saved for later sessions. Next time
you start the program, the default values will again appear.

You can receive help on the different menu items by pressing the Fl button. Information
relevant to the highlighted menu choice will then be presented. The Microsoft WinHelp facility
makes it easy for you to move throught the help document. You can also start the help facility
by chosing the Help menu choice

TO SET PARAMETERS AND VALUES

To chose release point/power plant

Click on the "Power plant" alternative in the main menu A drop down menu presents two
alternatives - "Power plant" and "Other". If you again chose the "Power plant alternative, a list
of predefined power plant data filts will appear on the screen These files, which must be
defined separately, should contain the following:

Line 1: Block code (2 characters, presently not used)
Line 2: Block name (10 characters, used only for verification)
Line 3: Thermal effect at normal conditions, given in megawatts
Line 4: north-south coordinate in a metric Cartesian coordinate
system
Line 5: eastwest coordinate.

The coordinates must be given in meters, with the axes pointing in the locally north-south and
east-west directions The position of the origo of the coordinate system and the algorithm used
to transform from spherical to flat coordinates are at the users choice. The only thing that must
be remenbered is consistency - the same coordinate system mus be used in the map as for the
release point etc

If you chose the alternative "Other" you are asked to give the coordinates of the release point
In this case you have to give the power plant effect using the "Release" alternative in the main
menu You will find more about how to model the released amounts of nucledes in paragraph
4 I ..i below.



To chose and save meteorological parameters

Click on the main menu choice "Weather" A drop down menu lets you chose either to use
data from a predefined meteorological file (defined by you at an earlier session), or to give new
values for a number of parameters.

When you have defined new parameters you may save them in a file by using the alternative
"Weather/Read or Write/Save" If you press "Save" after having loaded an old MET-file, the
new values will be stored in that If you haven't loaded a MET-file, if you press "Save As" or if
you have pressed "Define New", the program will ask for the name of the new file. Give it any
name. Use the file extension MET, since then the file will show up in the next listing of MET-
files

There are some restrictions on the parameter values the program will accept.

Stability must be A, B, C, D, E or F, according to the Pasquill cathegorization. Here A is the
most unstable, and F is the most stable condition. C or D are the most common values.

Wind speed must be in the range 2 -20 meter per seconds, since the model used for the
dispersoin calculations doesn't work outside these limits.

No limits are set on mixing height (but you should avoid values below 50 meters). Unrealistic
combinations of mixing heights, stability and wind speed are, however, not accepted.

To allow the program to be used for a number of different situations, no limit is set on release
height

If a precipitation of more than 0 mm/hour is given, the program asks for the distance along the
plume where the raining starts, and the distance along the plume where it stops. The starting
distance must be larger than the stopping distance.

The program checks for some unreasonable combinations of parameters. It is for example not
possible to use stability F and wind speeds above 10 m/s.

The meteorology parameters used when the program is stopped is automatically saved, and
reloaded the next time the program is used.

To chose/define a source term

To chose a predefined source term or to define a new one, click on the menu item
"Release/Source term". If you chose to define a new source term, you are asked first to give a
code name for the source term and then the release fractions for nine different nuclide groups.

After an accident, some nuclides escape to the environment easier than others. For
practical reasons the nuclides in the core ar^ often divided into different groups,
reflecting these differences. Within each of these groups the mobility is
approximately the same

Lena Win uses the following nine fractionating groups



1 - Noble gases
2 - Organic iodine
3 - Depositing iodine
4 - Rb. Cs
5 - Co.Ru.Rh.Mo.Tc
b - Sb. Te
7 - Zr.Nb, lantanides
8 - Sr, Ba
9 - U, transuranes

(ki\pton. xenon)

(rubidium, cesium)
(cobolt.ruthenium.rhMium, molybden.technetium)
(antimon, tellurium)
(zirkonium.niobium.Iantan and similar)
(strontium.barium)
(uranium, plutonium.americium.curium)

There are several iodine isotopes in the reactor inventory Of these 1-131 is the
mosts important from a radiological point of view

Iodine in the reactor containmnet after an accident can be divided into two forms:
one (organc iodine) which has a very low probability to stick to the walls, in filters
oi to the ground, and another which on the contrary has a high sticking coefficient.

The non-depositing form of iodine penetrates to the environment as easily as the
noble gases The amount of non-depositing iodine in the core is not very clear One
can, however, assume that from 0.5 to 1.0 percent of all iodine is found in this
form

After having given the different release fractions, you can save them by pressing "Save As"
The program will then ask you for the name of the file where the data are stored. You are
adviced to use the file extension SCT for these files, since then they will be listed the next time
you look for source term files

A number of other parameters are stored in the source term file as well:

Heat content of the release, given in megawatts
Release height in meters
Delay between shut down and beginning of release in hours
Time from beginning to end of release in hours.The release
is assumed constant over the entire release period

These parameters can be given or changed using the different "Release" menu choices.

The release parameters used when the program is stopped is automatically saved, and reloaded
the next time the program is used

Including your own inventory

If you wish, you can use an reactor nuclide inventory of your own, instead of the default
inventory included in the program You have to have a list of nuclides and their total amount in
Bq in a file EGKT INV DAT Such a file is included in the package for Lena Win Copy this
file and save it under another name1 If you later want to use an inventory of your own, you can
edit the oriuinal file HGHT INV DAT
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To togule between the default inventory' and your own, use the menu choice "Release. Source
term/Own inventory". When you start a new session with Lena Win, the standard inventory is
alwavs activated

To change dose integration time

The program integrates dose from the activity deposited on ground is integrated over a preset
time interval. This interval can be changed using the menu choice "Release/Dose integration
time" This value will be saved from one session to another

MAPS

To chose and draw a map

Before you can display a map on the screen, you have to chose which ii should be. This is
done by clicking on the "Maps/Chose map" alternative in the menu. You are asked to select
one map in a list of map files. You can chose any of these predefined maps (files with extension
MAP). It is also possible, but a little inconvenient, to create and use map files with other
extensions

After that, when you click on the alternative "Draw map" in the same menu, the map is
displayed. The map is then drawn in the predefined scale. The maps are drawn using vector
graphics, ie the program normally draws the maps every time they are used. You can, however,
store a copy of any of the maps drawn on the screen as a bitmapped image. When a new map is
drawn, the program will always ask you if you want to store it as a bitmap. You can then later
on display this bitmapped map - a much faster process than drawing a new map.

The bitmap is not saved after closing down the program. If you want to save the map for later
use in a document or if you want to print it out, precede as described below in the paragraph
"To print out a map".

To move the map

You can move the map dispiayed on the screen if you have a mouse installed. Move the arrow
on the screen to where you want the new map center to be, and click on the right mouse
button. The program will ask you for confirmation. (If you cancel the action, the program will
instead tell you the map coordinates of the point clicked at.) If you confirm that you will move
the map, it will automatically be redrawn with the new center position A bitmap image can not
be moved.

If you want to move the map center outside the area shown on the screen, first scale down and
redraw the map (se paragraph "Map scale factor"), and then click on the wanted new map
center

Man scale factor
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When you start the program the scale factor is set to the nominal \alue I The screen then
covers an area of approximated 250 * 250 km If you want to see a lar^c area.chck on the
"Map Scale" choice in the menu and chose a smaller scale factor If you wish to see more
details, chose a larger scale factor

Some map details such as smaller places and names of places are not shown if a too large scale
factors used

To print out a map

If you want to print a map. or copy it into a document, first draw it on the screen. Then copy
it into the clipboard, by pressing the "Print screen" key With some keyboards this fk>esn't
work You should then try to hold the "Alt" key down and then press the "Print screen" key

After the map is copied into the clipboard, you can save it as a file or copy it into a document,
using for example the Windows Write word processor. Once the map is copied into sue*, a
word processor it can be printed out on a printer with graphics capabilities

From the clipboard you can copy the map into the Windows Paintbrush utility if you want to
edit it (take away the frame, select a certain area etc). You can also send the map to a printer
from Paintbrush You can read more about how to use the Paintbrush in the Windows manual

Making your own map library and map object files

In the map data base (the subdirectory MAPS) there are a number of separate map object files
- all having names with a number as the first character You can include new map object files
into the base How this is done is described below

To display the content of these object files, they have to be included in "map library files", files
having the extension MAP These library files are ordinary text files which can be written
using a text editor or a word processor They must have the following format.

Map name, maximum 12 characters
x-coordinate y-coordinate of map center (reals)
number of map object files to be included (integer)

Line I
Line 2:
Line 3:
Line 4
and following: name of object files to be included - observe, not full path name, but only the

file name v/ith extension

x-coordinates are in E/W direction, y-coordinates in the N/S direction A right angled
Cartesian coordinate system is supposed

An example of a map library file

Line 1 Sweden
Line 2 1.150000 6650000
Line } 2
Line •> Oswcdcn all
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Line 5: 2sweden all

A map of Sweden, centered at (135000U.6650000) will be produced The file Osweden.all
contains the border of the country, the file 2sweden all a number of towns. The coordinate
system used here is a Swedish system (Rikets koordinater) You can chose to place the origo
of the coordinate system anywhere, but you have to use the unit meters on both the EAV and
the N/S axes

The map library files must be placed in the same directory as the executable code for Lena. The
map object files, however, must be placed in a subdirectory to this directory. This subdirectory
must be named MAPS.

You can make your own map object files - files containing the coordinates of objects such as
nations, counties, towns etc. These files are simple ASCII text files. They all must have names
starting with a number which indicate what kind of object or objects the file contains:

0 - Green surface, for example a nation or a county
1 - Red surface (larger towns)
2 - Red circle - smaller town
3 - Blue surface - lakes
7 - Yellow/blue circle
8 - Yellow/red circle
9 - Brown lines - roads

The format of the different object files are as follows:

"0"."l"."3"and"9"files:
The coordinates of up to 1500 points to be drawn, one pair on each line:
x-coordinate y-coordinate (reals)

"2" files (smaller towns etc)."7" and "8" files
For every town etc, on a single line
x-coordinate y-coordinate thousands of inhabitants name

(real) (real) (integer) (max 12 characters)

Ex: H96.0 34567.0 45 X-town
(X-town has 45 thousand inhabitants and the EAV coordinate the N/S coordinate 34567)

"7" and "8" files produce small circles with a size which doesn't depend on the number of
inhabitants. A number must, however, be included. (This means, as an example, that if you
want to show only the location of a number of measuring stations, you have to include a
meaningless number on every line after the coordinates.)

x-coordinates are in EAV direction, y-coordinates in the N/S direction.
A right angled metric Cartesian coordinate system is supposed.

Remember, all map object files must be stored in the subdirectory \MAPS. The map library
Oie§ must be stored in the LENA library
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Map object files must be included in a map library file before they can be drawn on the screen,
as explained in the beginning of this paragraph

All map object files are ordinary text files, and you can copy them, read them and edit them at
vour own will

TO DISPLAY MEASURED DATA

Measured data (dose rates, deposited activity etc) can be displayed on the maps These data
must then be present in text files with data in the following format:

Line 1:

Line 10:
Line 11:

first 10 lines are not read by the program,

x-coordinate y-coordinate measured value (all reals)

Last line: x-coordinate y-coordinate measured value

x-coordinates are in EAV direction, y-coordinates in the N/S direction. The same coordinate
system as for the map must of course be used. It is advisable to give their file names the
extension RPT - this is, however, not mandatory.

If you chose any of the alternatives in the middle section of the "Maps" menu, and if you have
not previously given the name of the file containing the measured data, you are asked to do so.
You are then also asked to give the ranges for the different colors of the plotted values. Five
different colors are used. They are, from the lowest value to the highest: white, yellow, orange,
brown and black. You give the 4 values for the limits between these colors. All values above
the highest value are plotted as black, all values below the lowest are plotted as white (the true
colors will depend somewhat on the background).

If you want to change the limits for the different color, click again on the "Maps/Data file"
alternative. You have to repeat the name of the data file, and then you can give new limits.

If you, after having initiated the plotting, chose the "Display measured data" alternative, the
data are plotted on the screen as circles, filled with colors according to your choice. If you
click on "Display measured data" once again, the plotted data will be erased from the screen.

If you chose the "Display dynamically" alternative, you are asked to give a time interval
between different plottings The program then reads the data file and displays its content. After
the preset time it again reads the data file, erases the old data from the screen and plots the file
content once again. This process is repeated until you again clicks on the alternative "Display
dynamically". The content in the data file can be updated by some other routine (manually or
by another program running simultaneously with Lena), and then Lena will automatically
present an updated picture of what has been measured

DOSF. CALCULATIONS



Calculated doses

When you ask the program to calculate doses, the following results will be presented on the
screen:

Distance from the release point
Effective whole body doses from ground (eternity and the time period chosen) (mSv)
Effective whole body dose from the cloud after full cloud passage (mSv)
Effective whole body dose from inhalation after full cloud passage (mSv)
Organ doses to lung and thyroid in mSv

Ground deposited activity concentration for Cs-137 and 1-131 (Bq/m^)

The time integrated air dilution (s/nv*)

AH doses are calculated to adults! Doses to children may be ten times as high.

You are asked whether you want to save the results, and if so on a file on printed on paper. If
you chose any of these alternatives, the program will also output some meteorological and
release parameters.

Doses at a given distance

Chose the alternative "Doses/Doses at a given distance", and give the distances (in meters)
along and cross the plume direction. The doses will be shown in a separate window on the
screen. You can chose to print out the results on a connected printer or to save them in a file if
you so wish.

If you chose to save them in a file, a file named LENADAT. 1 will be created. If you, in the
same session, saves more results, the following files will be named LENADAT.2,
LENADAT. 3 etc. Next time you start Lena again, the first file will again be named
LENADAT. 1, so rename these files if you want to keep them!

Doses in a map point

To calculate doses in a point on a map, simply click the left button on the point. The doses will
be shown as in the preceeding alternative.

Cloud dose correction

The program calculates the dose from a passing cloud using what is called a semi-infinite cloud
approximation. This approximation is valid when the cloud is mixed fairly evenly from the
plume centerline and down to ground. In some cases this is not the case. The program then
applies a correction to the cloud dose calculation. This is done using a numerical integration
process. This calculation may take some time, especially on machines without floating point
coprocessors. Even on a machine with a 80486 processor and a clock frequency of 33 MHz,
the calculation takes 5 to 10 seconds

n



Run off, weathering, ground shielding

Neither run off (activity follows rain water flow away from initially contaminated surfaces),
weathering (activity is teared away from surfaces by a number of mechanical processes) or
ground shielding (a not completely flat surface shields away part of the radiation) are taken
into account in the program This is included in the probabilistic version Lena P of the
program, and will be included also here.

Shielding, filtering indoor

All doses are calculated without any reduction due to shielding and filtering from houses.
Normally a population spends a large time indoor, and so for most people the doses calculated
by the program will be too large. Filtering and shielding is, however, very much depending on
the house types, and so it is difficult to put in generally valid parameters. These factors should
therefor in the present version of Lena be estimated and applied by the user.

TO CHANGE DEPOSITION PARAMETERS

You can change the parameters for wet and dry deposition. Click on the
"Parameters/Deposition parameters" alternative in the menu, and then click on the parameter
you want to change. The dry deposition velocities should be given in m/s, and the wet
deposition coefficients in fraction per second. The wet deposition coefficient used in the
program will be calculated as the coefficient given here times the rain intensity in mm/hour,
raised to the power 0.8.

Observe that for iodine, to different dry deposition velocities can be given, one for organic
iodine, which has a very low deposition rate, and one for other types of iodine, which normally
deposits very easily. For wet deposition, however, it is assumed that non organic iodine is
rained or washed out at the same rate as all other depositing nuclides.

In the file LENA.DEF default parameter values are set for the deposition parameters. You can
read about this in the paragraph 'To set default parameter values' below.

The noble gases are not assumed to deposit.

TO SEE THE RELEASE FRACTIONS

You can see the release fractions chosen by using the menu choice "Parameters/See release
fraction". It is, however, only possible to see the values with this choice. If you want to change
them, you have to change the source term file, as descnoed above ("To chose/define a source
term")



10 SET DEFAULT PARAMETER VALUES

When the program starts, it reads the file LENA.DEF This file contains the default values for
five different deposition velocities, and the number of iterations used when calculating the
cloud dose correction. If you want to change these parameters permanently, you can change
the values in this file (using a text editor or a word processor). Be careful, though, to use the
correct file format The file (which is an ordinary text file) looks like this:

VGORG 0.0005
VGIOD 0.003
VGALL 0.001
WDORG 0.0001
WDALL 0.0001
NITER 5000
.END.

From top to bottom the parameters are:
dry deposition velocity organic iodine (meters per second)
dry deposition velocity iodine
dry deposition velocity other nuclides (except noble gases)
wet deposition coefficient organic iodine (per second)
wet deposition other nuclides (except noble gases)
number of iterations

Observe the ending END statement.

The wet deposition coefficient actually used in the program is calculated as the factor given in
the file times the precipitation in mmmm/h, raised to the power 0.8.

DOSE FACTOR LIBRARY

If you click on "Doses/Dose factors", a separate program that reads the dose factor library
starts. (This program, DFJLIB, can be run separately from the windows shell.)

You are asked to give the name of the nuclide you are looking for (1-131, Cs-137 etc). In a
separate window you will then find valuues for some general parameters for the nuclide (half
life, mean gamma energy, amount in MW/Bq in a "generic" light water reactor), and the dose
factors used in LenaWin. Dose factors to calculate whole body dose from inhaled activity,
ground deposited activity and cloud activity concentrations are given, as well as factors to
calculate the organ doses to lung and thyroid from inhalation.

GETTING HELP

When running the program you can get help on a number of topics by pressing the key Fl If
you have marked a certain menu choice (by using the mouse or ihe up and down arrows), and



then press Fl, you will in most cases get help on that choice You can also chose the menu
alternative "Help/Help", in which case you will find yourselfin the help index part of the help
tile

The help file for Lena Win has the name LENAHELP.HLP (Swedish version) or
LENA ENG HLP (English version - shorter than the Swedish one).

HOT KEYS

Some commands in the top menu en be directly activated by pressing "hot keys". These
commands are:

Command

Chose power plant/Block
Chose existing Meteorology file
Chose existing Source term file
Chose map
Draw map
Draw Plume
Erase screen
Calculate Dose at given distance
See Dose factors

Hot key combination

Ctrl + B
Ctrl + M
Ctrl + S
Ctrl + K
A!t + K
Alt + P
Alt + E
Ctrl + D
Ctrl + Alt + D

If you for example want to chose a map, press the Ctrl key, and while doing so press the "K"
or "k" key. The map selection menu will then appear on screen.

PARTB. DESCRIPTION OF DISPERSION AND DOSE MODELS

DISPERSION MODEL STRUCTURE

The dispersion model used in LenaWin is a time integral straight line Gaussian plume model:
The front of the released plume is supposed to travel in at constant speed in a straight line, i.e.
the model doesn't include wind changes (compare below in the paragraph "Extended
possibilities" for possibilities to partly overcome this limitation) The cloud is supposed to
disperse in the horizontal cross wind direction (the y-direction) and in the vertical direction (z-
direction) due to turbulent motions in the air This dispersion produces gaussian concentration
distributions in the y- and z-directions. The width distributions (sigmav and sigmaz) are

experimentally based functions of the distance from the source and the stability of the air. No
dispersion in the x-direction (along the plume) is taken into account, since it can be disregarded
as compared to the wind speed. The model is time integral in the sense that no dynamic
processes are automatically handled. The gaussian model assumes an infinite dispersion in all
directions, and all doses calculated assume that all the plume has alrady passed. The user can,
however, modify these limitations in some respects, see below on "Extras for a skilled user".
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Parameters for sigmay and sigmaz are taken from the NRPB report R-91, with some minor

modifications. Further away from the source than 100 km a linear extrapolation of the
dispersion is used. The plume lift, i.e. the extra height the radioactive cloud receives du to its
own heat content, is calculated according to formulas given in S. Hanna, G. Briggs and R
Hostel "Handbook of atmospheric diffusion" (1982). No corrections are made for the
momentum of the plume or the heat generated by the radioactive decay. The plume lift due to
the heat of the plume is always very difficult to calculate, partly because the heat content of the
plume ofteh is fairly unknown. In filtered releases, however, one may often assume a zero heat
content.

The plume is assumed to be totally reflected from ground, i.e. the concentration above ground
is increased with the amount that would 'fall below' ground. Likewise, the plume is assumed to
be reflected at the top of the ground level air mixing level. (A second order reflection is also
introduced.) These assumptions are of course simplifications, but give a reasonable picture of
the real processes.

Dry deposition is calculated using a 'source depletion' model. This model, which assumes no
vertical activity concentration gradient du to a depletion of the plume at ground level, is
certainly physically incorrect, but gives results which are not much in error as compared to
those of more sophisticated models. Moreover, the deposition rate is totally determined by the
dry deposition velocity parameter, which very seldom is known with any accuracy.

Wet deposition is modelled using the simple concept of wash out coefficient. This coefficient
gives the total amount of activity that is deposited per time unit below the the plume.
Lena_Win models a certain relation between deposition and rain intensity - the wet deposition
coefficient used in the calculatioins is the wet deposition parameter given by the user times the
rain intensity (measured in mm/h) raised to some power P. The value of P is stored in the
parameter file and can be changed there, but not interactively in the program. No other forms
of precipitation than rain (snow, fog) can be handled



The activity concentration in the reactor is corrected for decay during the delay period before
release, and also for the decay during a long release time. No correction is made for different
burn out factors ir. the core, but a standard nuclide composition is always used.

If a release longer than an hour is modelled the model assumes that the plume will be
broadened also by a fluctuating wind direction An extra broadening in the z-direction caused
by the reactor building is always assumed (of the order of 20 meters).

APPLICABILITY OF THE DISPERSION MODEL

Again, the dispersion model included in LenaWin is a simple model, fast and easy to use, but
sometimes only a very crude approximation of reality. It works fine for constant wind
direction, wind speeds between say 2 m/s and upward and a constant atmospheric stability
from approximately 500 meters from the release point and out to say 50-100 km.

Closer than 500 meters from the the release the plume may be distorted by the reactor building.
Further out than a certain distance, which may be between 50 and 100 km the dispersion model
is scarcely valid any longer.

The model can not handle complex terrain, nor varying meteorological conditions (apart from a
start and stop of rain along the plume). Changes of wind direction and wind speed can not be
handled (but see the following paragraph).

The dose calculation model

All doses are calculated using time integrated air concentrations and dose conversion factors.
Data for approximately 70 nuclides are stored in a library file. Tools to change this file is
supported with the program. Effective whoie body dose equivalents are calculated for
skyshine, groundshine and inhalation, and organ dose equivalents from inhalation are
calculated for lung and thyroid.

If necessary a Monte Carlo calculation is performed at short distances to correct shyshine
doses. To speed up the calculation this correction is calculated only once for each distance,
using an ave.age gamma energy. This single correction factor is then roughly modified for the
true energies of the released nuclides.

No shielding or filtering factors are included in the LenaJWin dose calculations, so the user
must take these factors into account separately. Moreover, neither weathering or run-off are at
present included in the program, which implies that the time integrated ground doses most
certainly will be too high. (In the code Lena P, a version of Lena for probabilistic analyses,
filtering, shielding, and weathering/run-offare included. Therefor, be cautious when comparing
results from these two versions of Lena!)

Extras for a skilled user

IK
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A skilled user may in some respects use the Lena Win model outside its original scope. This
will, of course, cost some extra efforts

One obvious extension is the possibility to calculate effects of a "fractionated release", where
different amounts are released with some delay and probably with different nuclide
compositions. This is done by adding the resulting doses from a number of differently modelled
releases.

The possibility to chose an arbitrary release point can be used to draw rough pictures of a
plume after an abrupt change in wind direction - doses and dilutions will however not be
correct here.

You can calculate distances between map points by determining the map coordinates of the
points. Remember that the coordinates are given in meters in a right angled system.

There are several other possibilities - you better find out yourself!

M
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clipboard, used for saving map, 10
cloud dose, correction for finite cloud, 14
coordinate system, 6
decay, correction for, 18
default parameters, file for, 4
default parameters, to change, 15
delay time, 8
deposition, calculation of, 17
deposition, to change parameters, 14
dilution, time integrated, 13
directories that must be created, 3
dispersion parameters, 17
display on map of measured data, 12
distance, to calculate, 19
dose factors, to see those used by Lena_Win, 16
dose, integration time for ground dose, 9
doses to children, 13
doses, to calculate at a given distance, 13
doses, to calculate in a map point, 14
doses, to save calculated results in a file, 13
doses, what is calculated, 13
dynamic display of measured data, 13
executable file, 3
files included for Lena_Win, 3
filtering in houses, 14
fractionating groups, 7
gaussian model, 17
ground deposited activity, 13
help file, 16
help, how to get, 16
hot keys, 16
how to do?, 5
installing the program, 3
inventory, to include your own, 8
inventory, your own, 4
iodine, deposition of, 8
iodine, deposition parameters of, 14
iodine, organic, 8
main menu, 5
map center, to change, 10
map coordinates, to find, 9
map library files, 10
map library files, directory for, 12
map object files, 11
map object files, format of, 11
map objects, directory for object files, 12
map, bitmapped image, 9
map, to change scale factor, 10
map, to move, 9
map, to print out, 10
maps, to chose and display on screen, 9
measured data, file for, 12
measured data, to display, 12
mclcorological parameters, chose or save, 6
meteorological parameters, data file, 7
meteorological parameters, saving of, 7
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mixing height, 7
model, applicability range, 18
model, information on. 17
nuclide library-, 21
nuclide release groups, 26
nuclides, fractionation, 7
nuchdes, release fractions, 8
Paintbrush, 10
Pascal for Windows, 5
plume lift, 17
plume, heat content of, 17
plume, reflection of, 17
power plant, definition file, 6
programming information, 5
reactor building, 18
release fractions, to see their values, 15
release point, other than power plant, 6
release point, to chose, 6
release time of, 8
release, correction for long time, 18
release, heat content of, 8
release, height of, 7;8
run off, 14
shielding by houses, 14
shielding by surface roughness, 14
source term file, 8
source term, to define, 7
stability, 7
vector graphics, 9
weathering, 14
wet deposition coefficient, 15
wind speed, 7
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AIM>1:M)I . \ A Nucltde library

This is a listing of the content in the tile INVINDEX DAT (May 1992)

Units Halflife(days) I memory (Bq/MW) DFground(Sv/s / Bq/m2)
DFinhal (Sv/s/Bq/m3) DFcloud(Sv/s / Bq/m3) DFlung&DFlhyr (Sv/Bq)
Gamma energy McV

Values for whole body doses are taken from Kochcr. Health Phys 45 no 3, Sept 198?
Values for inhalation doses to lung and thyroid from Svensson. FOA-report C 40184-A3 1983

The data are arranged as follows:

Name nr/ndr/branch halfl(d) amount(Bq/M\V)
deground dccloud dclung dcthyroid
dcmhal energy

where nr is the nucUde identification number, nrd is the number of a daughter (0 if none), branch is a
branching percentage (0 if no branching)

The nuclides are listed according to the division into fractionating groups (see appandix B). Not all nuclides are
included in the dose calculations - those below no 88 are not.

KR-85 1 0 0 0 0 0.395E+O4O.655E+13
O.OOOE+00 0 228E-15 4.860E-14 O.OOOE+00
O.OOOE-00 2 210E-03

KR-85m 2 1 23 0 0 0.I80E+00 0.262E+I5
0.O0OE+O0 0.723E-14 5.680E-14 O.OOOE+00
O.OOOE-00 0.157E+O0

KR-87 3 0 0 0 O0.530E-O1O.524E+15
O.OOOE+00 0.396E-13 2.590E-13 0.000E+O0
0O00E-00 0.776E+00

KR-88 4 22 0 0 O0.120E+O0 0.764E+15
O.0OOE+OO0.986E-13 5 410E-13 0.O0OE+O0
O.00OE-00 2.040E+OO

XE-131M 6 0 0 0 0 0.120E+02 0.661E+12
O.OOOE+00 0.412E-15 O.OOOE+00 O.OOOE+00
O.OOOE+00 2.310E-02

XE-133 7 0 0 0 0 0.528E+O1O.19OE+16
O.OOOE+00 0.155E-14 1.110E-13 0.0O0E+O0
O.OOOE-00 4.470E-O2

XE-135 8 0 0 0 O0.380E+O0O393E+15
O.OOOE+00 0.110E-I3 2 54OE-13 O.OOOE+00
O.OOOE-00 2 490E-O1

I-13I 11 6 1 O 0O805E+O1 0.982E+15
O.352E-15 0 167E-13 6.760E-10 0.297E-O6
2 1M)E-I2O38IE+OO

I-H2 12 0 0 0 0 0 960H-O1 0 142H+I6
O 2041--I4 0 l()4i-;-12 2 860r.-10 O 179F--OX
0 .^SFvli ? MOV. +00
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1-133 13 7 0 0 0 0 8S0E-H)O0.201E+lO
O.574E-15 O.269E-I3 S.27Oe-IO 0.488E-07
U400E-I2 0 610E+00

1-134 14 O O O O0.370E-OI0.223E+16
O.231E-14 O.12OE-12 O 154E-09 0.303E-09
0.931E-14 2.590E+O0

1-135 15 8 O O 0 0.280E+O0C.177E+16
0.129E-14 0 726E-13 O.528E-09 O 393E-O8
O.825E-13 0.259E+OO

RB-86 21 O O O 0 0.187E+O2O.436E+12
0 OOOE-00 0.472E-14 O 317E-07 O.OOOE+OO
O.OOOE-00 9.490E-02

RB-88 22 O O O O0.130E-O10.762E+15
0 663E-15 0.327E-13 0.118E-09 O.OOOE+OO
0.587E-14 0.659E+O0

CS-134 23 0 0 0 0 0.750E+O3 O.895E+14
0.137E-14 0.697E-13 1 95OE-O8 O.OOOE+OO
O.332E-11 1.600E-00

CS-136 24 0 O O 0 0.130E+O2O.349E+14
0.186E-14 0.980E-13 3.61OE-O9 O.OOOE+OO
0.510E-12 2.160E+O0

CS-137 25 0 0 0 0 0.110E+O5O.567E+14
5.12OE-16 2.520E-14 O.105E-11 O.OOOE+OO
0.219E-11 0.632E+OO Ba-137 included here

CO-58 5! 0 O O 0 0.710E+O2O.917E+13
O.356E-15 O.437E-13 0.160E-07 O.OOOE+OO
0.450E-12 0.974E+00

CO-60 52 0 O O 0 0.192E+O4 0.349E+I3
0.197E-14 0.113E-12 O.325E-O6 O.OOOE+OO
0.240E-112.500E+00

MO-99 53 54 88 O O O.275E+O1 0.185E+16
0.174E-15 0.716E-14 0.432E-08 O.OOOE+OO
O.293E-12O.154E+OO

TC-99M 54 O O O 0 0.250E+O0 0.164E+16
0.128E-15 0.577E-14 O.329E-1O O.OOOE+OO
0.234E-14 0.121E+O0

RU-103 55 0 0 0 0 0.395E+O2 0.131E+16
0.434E-15 0.210E-13 0.161E-07 O.OOOE+OO
0.638E-12 O.488E+OO

RU-105 56 58 0 0 0O.19OE+O0 0.851 E+15
0.735E-15 O.352E-13 0.469E-09 O.OOOE+OO
O.32OE-13O.72OE+OO

RU-106 57 59 0 0 0 0.366E+O3 O.3O6E+15
0.32OE-15 0 101E-I3 O 810E-06 0 000E+O0
O.346E-10 0OO1E-O1
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RH-I<»5 5S (> o o l5ii[-XH o 5S-H-;-15
-:-I4'» U'MH-I-DS H

SB-I2"1 39 31 S4 0 0 0 VX
0 609E-15 0 295E-13 0 Xo
O426E-12 0.6O7E-O0

E-Ol ().72<>E-rU
E-OS 0 (MH)E-HK)

SB-I272 99 32 16 0 0 0»90E+01 0 (MH)E-HM)
0.609E-I5 0.295E-13 0 S67E-0X 0 (K)()E+<M)
O426E-I2 0.667E-O0

SB-129 30 34 0 0 O0.IS0E-KX) O 393E+15
0.125E-14 0.653E-13 O 898E-O9 0OOOE-HX)
O.452E-13 I 370E-HX)

TE-127 31 0 0 0 0 0 39t)E-HH)0.698E+14
0 96IE-I7 0 317E-15 O 470E-O9 OOOOE+00
0.229E-13 4.860E-0:>

TE-127M 32 0 0 0 0 0 109E+O3 O I31E+14
0.609E-I7 0.140E-I5 O 922E-O7 0 OOOE-KX)
O 154E-11 106E-O2

TE-129 33 0 0 0 0 0 500E-0I O.371E-H5
0 106E-15 0 269E-I4 O 139E-O9 0 OOOE+00
O.559E-I4 6.O1E-O.7

TE-I29M 34 33 O O O O 340E+O2 0.633E+M
0.561E-16 0.164E-I4 2 630E-08 0 OOOE+00
O 140E-1I 4.99E-O2

TE-I3iMl 36 35 18 O O O 130E+OI 0.153E+15
0 123E-14 0.647E-13 O 224E-08 O.OOOE+00
0.426E-12 I.600E+00

TE-131M2 37 II 82 0 0 0 130E+OI O.OOOE+00
0.123E-14 0.647E-13 O.OOOE+00 O.OOCE+00
0.426E-1?. I.600E+O0

Tt-132 38 12 0 0 0 0 330E+O1 0.142E+16
O.215E-15 0.951E-14O250E-O8 OOOOE+00
O.638E-12 2.680E-O1

Y-90 61 O O O 0 0 27OE+O1 0.458E+14
0 107E-15 O 628E-I5 O 931E-O8 O.OOOE+00
0.536E-12 3.520E-O4

Y-91 62 O O O O0 59OE+O2 0.142E+16
O.732E-I6 O.548E-15 O 959E-07 O.OOOE+00
<) 222F.-11 3.620E-O3

ZR-95 64 66 O O O O 640E+02 O 175E+I6
O 65OE-I5 O.333E-I3 2 O2OE-O8 OOOOE+00
0 16If-;-11 o 725F.'OO

/R-9 T 65 67 () () 0 0 7WF--00 0 I75E+I6 '
(1.2"» IF-;-l 5 0.862E-I4 0 V)7E-OX O 0O0F-+00
0 "iiKSF-I-l 2 0 XSXJ-«OO
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NB-95 66 O O O 0O.35OE+O2 0.175E+I6
0.672E-15 0.346E-13 0.921E-08 O.OOOE+00
O.408E-I2O.758E+O0

NB-97 67 0 O O 0 O 50OE-O1 O.175E+I6
0.637E-15O.299E-13 0.142E-O9 0.0O0E+OO
0.561E-14 0.665E+O0

•~* LA-140 71 O O O 0O.17OE+O1 0.185E+I6
0.191E-14 0.107E-12 0.366E-08 0.000E+OO
0.332E-12 2.330E+O0

CE-141 72 0 0 0 0O.32OE+O2 0.175E+16
0.767E-16 O.339E-14 0.165E-O7 0.000E+O0
0.612E-12 7.78OE-O2

CE-143 73 75 O O O 0.140E+O1 0.I53E+16
0.285E-15 0.117E-13 0.367E-08 O.OOOE+00
0.235E-12 0.278E+O0

CE-144 74 76 O O O 0.284E+O3 0.100E+16
0.188E-16 O.8O8E-15 0.780E-06 O.OOOE+00
O.255E-1O 2.020E-02

PR-143 75 O O O 0O.14OE+O2 0.153E+16
O.199E-16 0.173E-15 1.320E-O8 O.OOOE+00
0.561E-12O.0O1E-O1

ND-147 78 77 O O O 0.110E+02 0.720E+15
0.138E-15 0.589E-14 0.975E-08 O.OOOE+00
0.459E-12 0.144E+O0

NP-239 81 83 O O O 0.240E+01 0.196E+17
0.167E-15 0.735E-14 1.290E-09 O.OOOE+00
0.168E-12 0.136E+O0

SR-89 41 O O O 0O.52OE+O2O.109E+16
O.675E-16 0.377E-15 0.712E-O7 O.OOOE+00
O.459E-12 8.20OE-O5

SR-90 42 61 0 0 O 0.110E+05 0.436E+14
0.138E-17 0.916E-16 0.286E-O5 O.OOOE+00
O.150E-10 0.0O1E-O1

SR-911 43 62 41 O O0.400E+OO0.131E+16
0.656E-15 O.315E-13 0.230E-O8 O.OOOE+00
O.638E-13 1.020E+O0

SR-912 44 63 59 O O 0.4O0E+O0 O.OOOE+00
0.656E-15 0.315E-13 0.230E-O8 O.OOOE+00
0.638E-13 1.020E+O0

BA-140 46 71 O O O 0.130E+O2 0.185E+16
0.189E-15 0.831E-14 0.122E-O8 O.OOOE+00
0.255E-12 0.194E+O0

PU-238 82 O O O O 0.325E+O5 0.677E+12
0.796E-18 0.403E-17 5.040e-lO O.OOOE+00
0.330E-O7 2.750E-O3
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'.'{'-2 V) S3 0 0 I) 0 0.100E+07 0.262E+12
0 349E-18 0 365E-I7 4.150E-11 0.000E+O0

0 36OI--O7 1 960E-O4

PU-240 84 0 0 0 OO.1OOE+O7O.262E+12
O.764E-18 0 196E-I7 6 2OOE-12 0.0O0E+O0
O.36OE-O7 1.600E-05

PU-241 85 0 0 0 OO.535E+O4O.4I5E+I4
0.0O0E+O0 000OE+O0 1.260E-09 O.OOOE+00
0.410E-09 5.000E-06

AM-241 86 0 0 0 0 0.150E+06 O.218E+11
0.262E-16 0.827E-15 5.260E-09 0.000E+O0
O.36OE-O7 2 I90E-O2

CM-242 87 0 0 0 OO.163E+O3 0.589E+13
0.862E-18 0.450E-17 2.160E-12 0.00OE+O0
O.12OE-08 2.700E-O5

CM-244 88 O O O O 0.663E+O4 0.284E+12
O.767E-18 0.384E-17 1.470E-12 O.OOOE+00
0.I90E-07 1 300E-O6

MN-54 47 0 0 0 0 0.312E+O3 O.OOOE+00
7.320E-16 3.800E-14 6.650E-09 O.OOOE+00
O.OOOE-00 O.835E+OO

Y-91M 63 O O O O 0.838E+O0 O.OOOE+00
0.479E 15 O.233E-13O.624E-1O O.OOOE+00
O.OOOE-00 O.53OE+OO

RH-106 59 O O O O 0.370E-O1 O.OOOE+00
O.32OE-15O.101E-I3O.255E-11 O.OOOE+00
O.OOOE-00 0.205E+O0

AG-I10M 68 O O O O 0.250E+O2 O.OOOE+00
2.33OE-15 I.230E-13 O.OOOE+00 O.OOOE+00
O.OOOE-00 2.820E+O0

SB-125 69 O O O O 0.989E+03 O.OOOE+00
3.83OE-16 1.860E-14 1.920E-08 O.OOOE+00
O.OOOE-00 O 425E+OO

TE-131 35 O O O 0 0.120E+01 O.OOOE+00
O.456E-15O.192E-13O.724E-1OO.OOOEHK)
O.OOOE-00 4.320E-O1

BA-137M 45 O O O O O.425E-O1 O.OOOE+00
O.539E-15O.266E-13 0.105E-11 O.OOOE+00
O.OOOE-00 0.562E+OO

PR-144 76 0 0 0 0 0.120E-01 O.OOOE+00
0.152E-15 O.238E-14 O 774E-10 O.OOOE+00
0.0()()E-00 3 O7OE-O2

PM-147 77 O O O 0 0.1O2E+04 0.000E+O0
O.355E-2OO.713E-17'
OOOOE-00 0.781 H+00
O.355E-2O O.713E-17 9.350E-08 0 000E+00 (

26



r

APPENDIX B: The nuclides included in the different release groups

The following nuclides (numbers according to appendix A) are included in the different
fractionating groups:

Group 1: 1, 2, 3, 4, 6, 7, 8 (noble gases)

Group 2: 11, 12, 13, 14, 15 (organic iodine)

Group 3: 11, 12, 13, 14, 15 (other forms of iodine)

Group 4: 21,22,23,24,25 (Rb.Cs)

Group 5: 51, 52, 53, 54, 55, 56, 57, 58 (Co, Ru, Rh, Mo, Tc)

Group 6: 30, 33, 36, 38, 39 (Sb, Te)

Group 7: 64, 65, 66, 67, 71, 72, 73, 74, 75, 76, 77, 78 (Zr, Nb, La and lantanides)

Group 8: 41,42,43,44,45,46 (Sr, Ba)

Group 9: 81, 82, 83, 84, 85, 86, 87, 88 (U, Pu, Am, Cu)

4
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SSI-reports published in 1992

Number Title
(subtitle)

Author

01

02

04

05

06

07

08

09

10

11

12

13

14

15

Publikationer

Skärm-film systems känslighet

Vad är rimligt att betala för att förhindra ett
cancerdödsfall

Informationsenheten

M. Sandborg, G. Nilsson
Gunilla Hölje

Curt Bergman

Harmonisering av spridnings- och dosberäknings- Olof Karlberg
modeller vid SSI och kärnkraftverken

Studie av besiktningsrapporter från röntgen-
installationer inom sjukvården

Swedish Radon Programme
Invited paper for Radon 2000, a national conference
on radon exposure, 26-27 March 1992, London

SFR-1 — Granskning av SKB:s Fördjupade
Säkerhetsanalys

Bilaga till SFR-1 — Granskning av SKB:s
Fördjupade Säkerhetsanalys

Kontrollmätning av låg- och medelaktivt avfall
avsett att slutförvaras i SFR-1

Vad får skydd mot strålning och andra risker kosta

Om kärnavfallets historia

Lena Win 1.0 Users guide

Kvalitetssäkring av scintigrafisk metod i Sverige

Forskningsplan för utlagd strålskyddsforskning
1992/93

Kärnkraftindustrins -aktivitetsutsläpp
-yrkesexponeringar 1991

Per-Göte Blomgren
Britt Hedberg Vikström

Jan Olof Snihs

Arbetsgrupp SKI och SSI

Arbetsgrupp SKI och SSI

Olof Karlberg
Ann-Christin Sandin

Gunnar Bengtsson

Lars Persson

Ulf Bäverstan

Stig A. Larsson et al

Forskningssekretariatet

Huvudenheten för
kärnenergi


